With the acceleration of the process of building a national-level central city in Wuhan, the landscape pattern of the city has undergone tremendous changes. In this paper, remote images are classified through the neural network classification method, based on texture extraction, and the evolution of landscape patterns was quantitatively analyzed, based on the method of moving windows, landscape metrics and urban density calculation, in order to accurately extract landscape types and perform quantitative analyses. Wuhan City is taken as an example. The surface coverage of Wuhan City from 1989 to 2016 is divided into four types: agricultural landscape clusters, forest landscape clusters, water landscape clusters, and urban landscape clusters. It was concluded that, during the study period, the landscape heterogeneity of the entire area in Wuhan has increased, but the central urban area in Wuhan has decreased. The development of urban areas has compacted inwards but expanded outwards. In addition, the western part of Wuhan City developed better than the eastern part.
Introduction
With the rapid development of global technology and economy, global problems, such as increased urbanization and reduced biodiversity, have surfaced [1, 2] . China has been in a period of rapid development in recent years, and the speed of urbanization in Wuhan, a national central city in China, is accelerating. The proportion of urban land-use types has been constantly changing in the total area of urban land, thereby affecting the entire landscape pattern and ecological processes of the city [3, 4] . Therefore, the study of landscape patterns is extremely important for the urban planning and management of Chinese cities with rapid development.
Traditional landscape pattern analysis methods are mostly qualitative, analyzing the characteristics of the landscape pattern from the perspective of landscape ecology [5] . The most basic quantitative analysis method is spatial statistical analysis [6] . It analyses landscape changes by counting the area and proportion of various types of land. On this basis, several scholars have used the Markov transition matrix to analyze the loss direction of a certain type of land, and the source of a new type of land [7] . However, the accuracy of the traditional method was not high enough, and the results of the analysis greatly deviated from the actual situation [8] .
With the development of remote sensing technology, some scholars have applied this technology to landscape pattern analysis [9] . Common methods for landscape classification are unsupervised classification and supervised classification [10] . Lillesand has experimentally pointed out that using
The time period for this study was from 1989 to 2016. The Thematic Mapper (TM) images of Landsat-5 satellites and the Operational Land Imager (OLI) images of Landsat-8 satellites, with a resolution of 30 m, were used. The image data of the time series are shown in Table 1 . Three images were acquired at each time point, and the track numbers were 122/39, 123/38, and 123/39. The Environment for Visualizing Images (ENVI) platform was used to do some preprocessing of images [23] . After preprocessing, the three images were inlaid according to the required research scope, and the administrative division data of Wuhan were then superimposed on them. Finally, the study area was cut, as shown in Figure 1 , and bands 6, 4, and 3 were assigned to red, green, and blue, respectively, for synthesizing pseudo-color images. The time period for this study was from 1989 to 2016. The Thematic Mapper (TM) images of Landsat-5 satellites and the Operational Land Imager (OLI) images of Landsat-8 satellites, with a resolution of 30 m, were used. The image data of the time series are shown in Table 1 . Three images were acquired at each time point, and the track numbers were 122/39, 123/38, and 123/39. The Environment for Visualizing Images (ENVI) platform was used to do some preprocessing of images [23] . After preprocessing, the three images were inlaid according to the required research scope, and the administrative division data of Wuhan were then superimposed on them. Finally, the study area was cut, as shown in Figure 1 , and bands 6, 4, and 3 were assigned to red, green, and blue, respectively, for synthesizing pseudo-color images. 
Study Method
Based on the texture features extracted from the images, this paper establishes a BP neural network classification model to classify images in the study area. The temporal and spatial characteristics of landscape patterns were analyzed by selecting landscape indices, using moving windows, and calculating density curve methods. A technical flow chart is shown in Figure 2 . 
Texture-Based Back Propagation (BP) Neural Network Classification
The element with the lowest level in the landscape pattern system is the homogeneous landscape unit, and its upward classification complies with the relationship between the natural bodies and landscape units of similar neighboring natural landscapes [24, 25] . Based on the principle of landscape classification, and combined with the research data and purposes, the landscape of the overall Wuhan area is divided into the following clusters (landscape clusters are an organic combination of multiple similar landscape functional areas):
1. Forest landscape cluster, including landscape units such as woodland, garden, and grassland. 2. Agricultural landscape cluster, including landscape units such as dry land and vegetable plots. 3. Water landscape cluster, including landscape units such as the Yangtze River, lakes, and rivers. 4. Urban landscape cluster: including landscape units, such as houses, roads, and rural settlements.
In this paper, the gray level co-occurrence matrix (GLCM) method was used to extract the texture features of the images of Wuhan City [26] . The GLCM starts from a pixel at a certain position A(x, y) in the image, and counts the probability P(i, j, δ, θ) of the occurrence of pixels (x + ∆x, y + ∆y) whose image has a gray value of j in a circular range, with a distance of δ from A. The mathematical formula was
where x and y were the pixel coordinates in the image; and Nx and Ny were the number of rows and columns of the images, respectively.
Haralick has defined 14 kinds of texture feature parameters from four aspects: statistical characteristics, characteristics of information theory, characteristics of correlation, and characteristics of visual texture [26] . The gray level co-occurrence matrix can measure various information in the image, and the feature image can visually display the thickness of the texture and the characteristics of each direction. Common statistical features are entropy, contrast, energy, and correlation. By extracting the texture features, the phenomena of the "same object with different spectra, different objects with the same spectrum" can be better solved, which helps to improve the classification accuracy of images.
Since there was still a certain correlation between the bands, in order to reduce the time and amount of calculation of neural network training, the fifth band (with the most abundant surface information) and the red band of visible light were selected after the principal component analysis (PCA). Finally, the images with the texture features of contrast (CON), angular second moment (ASM), entropy (ENT), and correlation (COR) were extracted ( Figure 3) . 
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Agricultural landscape cluster, including landscape units such as dry land and vegetable plots. 3.
Water landscape cluster, including landscape units such as the Yangtze River, lakes, and rivers. 4.
Urban landscape cluster: including landscape units, such as houses, roads, and rural settlements.
where x and y were the pixel coordinates in the image; and N x and N y were the number of rows and columns of the images, respectively. Haralick has defined 14 kinds of texture feature parameters from four aspects: statistical characteristics, characteristics of information theory, characteristics of correlation, and characteristics of visual texture [26] . The gray level co-occurrence matrix can measure various information in the image, and the feature image can visually display the thickness of the texture and the characteristics of each direction. Common statistical features are entropy, contrast, energy, and correlation. By extracting the texture features, the phenomena of the "same object with different spectra, different objects with the same spectrum" can be better solved, which helps to improve the classification accuracy of images.
Since there was still a certain correlation between the bands, in order to reduce the time and amount of calculation of neural network training, the fifth band (with the most abundant surface information) and the red band of visible light were selected after the principal component analysis (PCA). Finally, the images with the texture features of contrast (CON), angular second moment (ASM), entropy (ENT), and correlation (COR) were extracted ( Figure 3) . Based on the extracted texture features, this paper used a BP network model with only one hidden layer for classification. The input layer of the neural network was six multi-spectral bands and eight texture images. The output layer was six initial classification categories and one other category. The transfer function (i.e., the activation function) of the hidden layer and output layer adopted a logarithmic logic to achieve a highly nonlinear mapping from the input to the output layer. The basic principle diagram of neural network training is shown in Figure 4 . For the training of the BP neural network, it was necessary to determine several important parameters in the training model, including training contribution threshold (c), training momentum (m), training rate (r), network global error (e), and number of training iterations (n). This study has selected many group parameters for comparison experiments. The error curve of neural network training, under various parameter settings, is shown in Figure 5 . Figure 5a is a set of settings with good training results after multiple tests, and Figure 5b is the default set of settings, recommended by the system. It is found that the training time is about 4 h when the parameter settings are those shown in Figure 5a , whereas, when the parameter settings are those used in Figure  5b , the training time is about 5 h. Moreover, the final training error in the group illustrated in Figure  5a is lower than that in of the group shown in Figure 5b , so this study chooses the parameter settings demonstrated in Figure 5a . Based on the extracted texture features, this paper used a BP network model with only one hidden layer for classification. The input layer of the neural network was six multi-spectral bands and eight texture images. The output layer was six initial classification categories and one other category. The transfer function (i.e., the activation function) of the hidden layer and output layer adopted a logarithmic logic to achieve a highly nonlinear mapping from the input to the output layer. The basic principle diagram of neural network training is shown in Figure 4 . For the training of the BP neural network, it was necessary to determine several important parameters in the training model, including training contribution threshold (c), training momentum (m), training rate (r), network global error (e), and number of training iterations (n). Based on the extracted texture features, this paper used a BP network model with only one hidden layer for classification. The input layer of the neural network was six multi-spectral bands and eight texture images. The output layer was six initial classification categories and one other category. The transfer function (i.e., the activation function) of the hidden layer and output layer adopted a logarithmic logic to achieve a highly nonlinear mapping from the input to the output layer. The basic principle diagram of neural network training is shown in Figure 4 . For the training of the BP neural network, it was necessary to determine several important parameters in the training model, including training contribution threshold (c), training momentum (m), training rate (r), network global error (e), and number of training iterations (n). This study has selected many group parameters for comparison experiments. The error curve of neural network training, under various parameter settings, is shown in Figure 5 . Figure 5a is a set of settings with good training results after multiple tests, and Figure 5b is the default set of settings, recommended by the system. It is found that the training time is about 4 h when the parameter settings are those shown in Figure 5a , whereas, when the parameter settings are those used in Figure  5b , the training time is about 5 h. Moreover, the final training error in the group illustrated in Figure  5a is lower than that in of the group shown in Figure 5b , so this study chooses the parameter settings demonstrated in Figure 5a . This study has selected many group parameters for comparison experiments. The error curve of neural network training, under various parameter settings, is shown in Figure 5 . Figure 5a is a set of settings with good training results after multiple tests, and Figure 5b is the default set of settings, recommended by the system. It is found that the training time is about 4 h when the parameter settings are those shown in Figure 5a , whereas, when the parameter settings are those used in Figure 5b , the training time is about 5 h. Moreover, the final training error in the group illustrated in Figure 5a is lower than that in of the group shown in Figure 5b , so this study chooses the parameter settings demonstrated in Figure 5a . Based on the extracted texture features, this paper used a BP network model with only one hidden layer for classification. The input layer of the neural network was six multi-spectral bands and eight texture images. The output layer was six initial classification categories and one other category. The transfer function (i.e., the activation function) of the hidden layer and output layer adopted a logarithmic logic to achieve a highly nonlinear mapping from the input to the output layer. The basic principle diagram of neural network training is shown in Figure 4 . For the training of the BP neural network, it was necessary to determine several important parameters in the training model, including training contribution threshold (c), training momentum (m), training rate (r), network global error (e), and number of training iterations (n). This study has selected many group parameters for comparison experiments. The error curve of neural network training, under various parameter settings, is shown in Figure 5 . Figure 5a is a set of settings with good training results after multiple tests, and Figure 5b is the default set of settings, recommended by the system. It is found that the training time is about 4 h when the parameter settings are those shown in Figure 5a , whereas, when the parameter settings are those used in Figure  5b , the training time is about 5 h. Moreover, the final training error in the group illustrated in Figure  5a is lower than that in of the group shown in Figure 5b , so this study chooses the parameter settings demonstrated in Figure 5a . 
Analytical Method of Landscape Metrics
Landscape metrics is a measure that quantitatively represents the composition of the landscape pattern and the spatial form or distribution of different landscape types [27] . FRAGSTATS computes three levels of metrics, corresponding to (1) each patch in the mosaic, (2) each patch type (class) in the mosaic, and (3) the landscape mosaic as a whole [13] . Landscape metrics are large in number, although the repeatability and correlation of the landscape information contained in the metrics are high [28] . It is very important to select appropriate metrics for the study. In this paper, the patch density (PD) and Shannon diversity index (SHDI) of the landscape level were selected based on the regional features of Wuhan and the study objective.
Patch density (PD)
Patch density represents the patch number of one specific landscape type per one-hundred-hectare area. The formula is:
The PD value can reflect the fragmentation degree of the landscape in the study area [29] . The larger the patch number per unit area, the higher the fragmentation degree of the landscape in the area.
Shannon diversity index (SHDI)
Heterogeneity refers to the degree of confounding of different types of landscapes within the region [30] . A high degree of confounding indicates that the distribution of different types of landscapes is balanced and has strong heterogeneity [30] . If a certain type of landscape in a region is shown to be superior, the landscape pattern in the region is unbalanced and the heterogeneity is low, which is not conducive to the ecological development of the region [31] . The Shannon diversity index (SHDI) represents the heterogeneity of the landscape in the study area. The formula is:
The range of SHDI values is SHDI ≥ 0. The larger the SHDI, the greater the mixing degree and heterogeneity of patch types, so the distribution of patch types became more and more balanced in the landscape.
Based on the calculation results of the selected landscape metrics, the landscape pattern was further analyzed using the moving window method. The moving window method is used to calculate the landscape metrics selected in the "calculation window", and output the corresponding raster map to observe the spatial variability of the landscape pattern. In addition, this method could clarify the information from the landscape spatial pattern [32] . In comparison with traditional analyses, which are based on overall features, using the moving window method for performing spatial gradient analysis in landscape pattern could realize the quantification and spatial visualization of the landscape metrics in the local area, and thereby more clearly exhibit the dynamic spatial change of the landscape pattern and reveal the differences in the internal structure of the landscape [33] .
Urban Density Curve
Urban density analyses have always been the focus in the study of urban expansion. This paper used the concentric circles division method to calculate the urban land use density of each ring [18] . Then, the spatial variation regularity of urban land use was analyzed, based on the relation between urban land use density variation and the distance from the urban center.
The least square method is used to fit the inverse S-shaped function of urban land use, based on Python. The formula is
where f is urban density, r is the distance from the urban center, e is the Euler value, α, c, and D are constants, and D is the maximum radius of the urban center. The function form, when α = 4, c = 0.05, and D = 30, is shown in Figure 6 . The urban land density function is a continuously monotonic decreasing differentiable function. It has two horizontal asymptotes, f = 1 and f = c. When r = 0 (representing the urban center), f(r) is close to 1; when r approaches infinity, f(r) is close to c. The least square method is used to fit the inverse S-shaped function of urban land use, based on Python. The formula is
where f is urban density, r is the distance from the urban center, e is the Euler value, α, c, and D are constants, and D is the maximum radius of the urban center. The function form, when α = 4, c = 0.05, and D = 30, is shown in Figure 6 . The urban land density function is a continuously monotonic decreasing differentiable function. It has two horizontal asymptotes, f = 1 and f = c. When r = 0 (representing the urban center), f(r) is close to 1; when r approaches infinity, f(r) is close to c. Figure 6 . Graphs of the inverse S-shaped model.
Results
The Kappa coefficient of image classification results is shown in Table 2 . The classification results meet the requirements of the accuracy of this research. The results are shown in Figure 7 . 
The Kappa coefficient of image classification results is shown in Table 2 . The classification results meet the requirements of the accuracy of this research. The results are shown in Figure 7 . The least square method is used to fit the inverse S-shaped function of urban land use, based on Python. The formula is
where f is urban density, r is the distance from the urban center, e is the Euler value, α, c, and D are constants, and D is the maximum radius of the urban center. The function form, when α = 4, c = 0.05, and D = 30, is shown in Figure 6 . The urban land density function is a continuously monotonic decreasing differentiable function. It has two horizontal asymptotes, f = 1 and f = c. When r = 0 (representing the urban center), f(r) is close to 1; when r approaches infinity, f(r) is close to c. 
Analyses of the Temporal and Spatial Features of Landscape Metrics
The patch density (PD) and Shannon diversity index (SHDI), at the landscape level, can reflect the basic spatial features of the landscape pattern, such as the fragmentation degree and heterogeneity [34] . The calculation results of PD and SHDI of the entire area in Wuhan are shown in Table 3 . The variation trend of PD and SHDI is shown in Figure 8 . From 1989 to 2016, the PD of the landscapes of Wuhan showed a decreasing trend, but SHDI showed an increasing trend. Patch density (PD) reflects the fragmentation degree of the landscape in the research area. Based on the calculation results of PD, this paper first analyzes the fragmentation degree of the landscape in Wuhan City. In order to specifically analyze the landscape changes in different areas of Wuhan, the moving windows method was adopted from the upper left corner of the research area at two scales, 1 km and 3 km. Then, the calculated values were assigned to the center grid of the window. The PDs, on the landscape level of the entire city (1 km scale) and the city center (3 km scale), were calculated separately ( Figure 9 ). 
The patch density (PD) and Shannon diversity index (SHDI), at the landscape level, can reflect the basic spatial features of the landscape pattern, such as the fragmentation degree and heterogeneity [34] . The calculation results of PD and SHDI of the entire area in Wuhan are shown in Table 3 . The variation trend of PD and SHDI is shown in Figure 8 . From 1989 to 2016, the PD of the landscapes of Wuhan showed a decreasing trend, but SHDI showed an increasing trend. Patch density (PD) reflects the fragmentation degree of the landscape in the research area. Based on the calculation results of PD, this paper first analyzes the fragmentation degree of the landscape in Wuhan City. In order to specifically analyze the landscape changes in different areas of Wuhan, the moving windows method was adopted from the upper left corner of the research area at two scales, 1 km and 3 km. Then, the calculated values were assigned to the center grid of the window. The PDs, on the landscape level of the entire city (1 km scale) and the city center (3 km scale), were calculated separately ( Figure 9 ). As shown in Figure 9a , in 1995, the areas with a higher patch density were distributed in the concentrated downtown periphery: Southern Huanghua, Northern Xinzhou, and Eastern Hannan. Since the central urban area of Wuhan was covered by a large area of contiguous construction land, the patch density was relatively low (shown as large green), but the fragmentation degree of the city periphery, neighboring farmland, waters, and villages, had increased to a relevant degree. By 2013, the green area in the city center, with a low degree of fragmentation, had increased to a relevant degree, indicating that the land use of the city center had become more compact, and the fragmentation degree of the red area, between urban and rural areas, had been reduced to a relevant degree. By 2016, the areas with a high degree of fragmentation still included the Zhangdu Lake periphery, Central Dongxihu District, and Eastern Hannan District. In addition, the degree of fragmentation of the Eastern Hannan District had increased to a relevant degree. That was because the Eastern Hannan District is at the junction of agricultural landscape clusters, urban landscape clusters, water landscape clusters, and forest landscape clusters, so landscape types quickly transformed.
As shown in Figure 9b , the patch density in the downtown area decreased by 53% from 1995 to 2013, because the smaller architectural patches were connected and merged into larger patches as a result of city development. However, the patch density of the Southern and Northern Hongshan District increased to a relevant degree, indicating a rapid landscape transformation. Due to the rapid development of the Guanggu area, the degree of fragmentation in 2016 became higher when compared to that in 2013 (an overall increase of 42%). As shown in Figure 9a , in 1995, the areas with a higher patch density were distributed in the concentrated downtown periphery: Southern Huanghua, Northern Xinzhou, and Eastern Hannan. Since the central urban area of Wuhan was covered by a large area of contiguous construction land, the patch density was relatively low (shown as large green), but the fragmentation degree of the city periphery, neighboring farmland, waters, and villages, had increased to a relevant degree. By 2013, the green area in the city center, with a low degree of fragmentation, had increased to a relevant degree, indicating that the land use of the city center had become more compact, and the fragmentation degree of the red area, between urban and rural areas, had been reduced to a relevant degree. By 2016, the areas with a high degree of fragmentation still included the Zhangdu Lake periphery, Central Dongxihu District, and Eastern Hannan District. In addition, the degree of fragmentation of the Eastern Hannan District had increased to a relevant degree. That was because the Eastern Hannan District is at the junction of agricultural landscape clusters, urban landscape clusters, water landscape clusters, and forest landscape clusters, so landscape types quickly transformed.
As shown in Figure 9b , the patch density in the downtown area decreased by 53% from 1995 to 2013, because the smaller architectural patches were connected and merged into larger patches as a result of city development. However, the patch density of the Southern and Northern Hongshan District increased to a relevant degree, indicating a rapid landscape transformation. Due to the rapid development of the Guanggu area, the degree of fragmentation in 2016 became higher when compared to that in 2013 (an overall increase of 42%). The SHDI can be used to measure landscape heterogeneity. Based on the calculation results of the SHDI, this paper analyzes the heterogeneity of the landscape in Wuhan. During the study period, the SHDI of Wuhan showed an overall upward trend. The distribution of the landscape patterns in Wuhan had generally become more balanced. The SHDI calculation results, at the landscape level of the whole city (1 km scale) and the city center (3 km scale), are shown in Figure 10 .
As shown in Figure 10a , the overall landscape of Wuhan became more and more balanced as the city expanded and developed. The original large-scale agricultural landscape clusters were broken into small pieces and transformed into other types of landscape clusters. By 2016, the SHDI index of the city periphery had increased by 21% compared to that in 1995, and the area with a high index became larger. As shown in Figure 10b , the SHDI metrics in the city center showed a declining trend from 1995 to 2016. This was the inevitable result of the development of the city center [35] . The landscapes of other types continuously transformed into urban landscape clusters. The heterogeneity of the central urban area of Wuhan decreased. As shown in Figure 10a , the overall landscape of Wuhan became more and more balanced as the city expanded and developed. The original large-scale agricultural landscape clusters were broken into small pieces and transformed into other types of landscape clusters. By 2016, the SHDI index of the city periphery had increased by 21% compared to that in 1995, and the area with a high index became larger. As shown in Figure 10b , the SHDI metrics in the city center showed a declining trend from 1995 to 2016. This was the inevitable result of the development of the city center [35] . The landscapes of other types continuously transformed into urban landscape clusters. The heterogeneity of the central urban area of Wuhan decreased.
Urban Land Density Distribution Pattern
Wuhan is divided into three parts by the Yangtze River and Han River. Due to the special geographical locations of Wuhan, in this paper, the geometric center of the three old districts, where commerce has been concentrated, was selected as the circle center, and the main urban area of Wuhan was divided into thirty rings, one every kilometer, as shown in Figure 11 . In order to eliminate the impact of large water bodies, such as the Yangtze River and East Lake, the water portion of each ring was removed before the land use density in each ring was calculated. The results are shown in Figure 12a . The fitting curve of urban land use density in 1995, 2013, and 2016 is shown in Figure 12b . 
Wuhan is divided into three parts by the Yangtze River and Han River. Due to the special geographical locations of Wuhan, in this paper, the geometric center of the three old districts, where commerce has been concentrated, was selected as the circle center, and the main urban area of Wuhan was divided into thirty rings, one every kilometer, as shown in Figure 11 . In order to eliminate the impact of large water bodies, such as the Yangtze River and East Lake, the water portion of each ring was removed before the land use density in each ring was calculated. The results are shown in Figure 12a . The fitting curve of urban land use density in 1995, 2013, and 2016 is shown in Figure 12b . The density of urban land was high in the compact city, but low in the area around the city center. Therefore, the density curve was steep for the compact city, but gentle for the expanded city. The slope of the function curve of urban land use density could be used to reflect the total density of urban land use. The slope of the sharply descending part of the curve was used to reflect the compactness of the city. As shown in Figure 13 , compactness was defined as the ratio between the difference value of the radius that corresponded to the minimum and maximum value of the second derivative of the fitting curves, and the maximum radius. This difference value was k = (r − r )/D [18] . The density of urban land was high in the compact city, but low in the area around the city center. Therefore, the density curve was steep for the compact city, but gentle for the expanded city. The slope of the function curve of urban land use density could be used to reflect the total density of urban land use. The slope of the sharply descending part of the curve was used to reflect the compactness of the city. As shown in Figure 13 , compactness was defined as the ratio between the difference value of the radius that corresponded to the minimum and maximum value of the second derivative of the fitting curves, and the maximum radius. This difference value was k = (r 2 − r 1 )/D [18] . The density of urban land was high in the compact city, but low in the area around the city center. Therefore, the density curve was steep for the compact city, but gentle for the expanded city. The slope of the function curve of urban land use density could be used to reflect the total density of urban land use. The slope of the sharply descending part of the curve was used to reflect the compactness of the city. As shown in Figure 13 , compactness was defined as the ratio between the difference value of the radius that corresponded to the minimum and maximum value of the second derivative of the fitting curves, and the maximum radius. This difference value was k = (r − r )/D [18] . Previous research points out that a compact city generally has a narrow area that includes the inner city and suburbs. The difference between r 1 is r 2 was small, so the k value is small [36] . On the other hand, a city with a large k value is a low-density or decentralized city [37] . The fitting parameter values and calculated k values of Wuhan from 1989 to 2016 are shown in Table 4 . It can be seen that the value of k gradually decreases. By 2016, the value of k was reduced by 41.5%, and the development of the central urban area became more and more compact. At the same time, for the fitted density function of urban land, the D parameter was an estimated value of the radius of the main urban area [18] . The increase of D indicated urban growth. As shown in Table 4 , from 1989 to 2016, the D value for Wuhan increased from 15.554 to 30.336, indicating that the distance from the urban boundary to the urban center increased from 15.554 km to 30.336 km. The variation of the D value of Wuhan over the past 20 years is shown in Figure 14a . It can be seen that the urban area rapidly expanded, especially from 2000 to 2016. In Figure 14b , the red represented the construction land in 1989 and gray represented the construction land in 2016. The circle represents the expansion of the urban boundary from 1989 (inner layer) to 2016 (outer layer). Clearly, during the study period, the urban area of Wuhan expanded significantly.
At the same time, for the fitted density function of urban land, the D parameter was an estimated value of the radius of the main urban area [18] . The increase of D indicated urban growth. As shown in Table 4 , from 1989 to 2016, the D value for Wuhan increased from 15.554 to 30.336, indicating that the distance from the urban boundary to the urban center increased from 15.554 km to 30.336 km. The variation of the D value of Wuhan over the past 20 years is shown in Figure 14a . It can be seen that the urban area rapidly expanded, especially from 2000 to 2016. In Figure 14b, The results showed that, on the one hand, the commercial and political centers of Wuhan were still in the three old urban areas-Wuchang, Hankou, and Hanyang-during the study period, which promoted the development of the entire urban area. As a result, the development pattern tended compact inwardly. On the other hand, due to the rapid economic development of Wuhan and the continuous adjustment of the industrial structure, the construction land of old urban areas could not meet the requirements of industrial and commercial construction. The central urban area rapidly expanded to nearby suburbs. The results showed that, on the one hand, the commercial and political centers of Wuhan were still in the three old urban areas-Wuchang, Hankou, and Hanyang-during the study period, which promoted the development of the entire urban area. As a result, the development pattern tended compact inwardly. On the other hand, due to the rapid economic development of Wuhan and the continuous adjustment of the industrial structure, the construction land of old urban areas could not meet the requirements of industrial and commercial construction. The central urban area rapidly expanded to nearby suburbs.
Spatial and Temporal Evolution of the Development Direction Gradient
In this study, samples were collected from the center of Wuhan to the East, West, South, and North, with an interval of 300 m, in order to explore the development direction of the central urban areas of Wuhan. There were a total of 142 sampling points in the eastern and western directions, and a total of 92 sampling points in the South and North directions. Samples were collected in the spatial distribution maps of 1995, 2013, and 2016, in order to acquire the distribution map of the PD and SHDI values, with the variation in the distance from the urban center (Figures 15 and 16 ).
It could be concluded from Figure 15 that in 1995, the maximum PD value appeared in the West, about 19 km away from the urban center. The PD rapidly decreased, with the distance changing from 19 km to 6 km in the West (a decrease of 70.3%). This was the transition from the urban-rural border to the urban center. From 2013 to 2016, the PD value, ranging between 19 km and 14 km, decreased significantly (a reduction of 48% on average). This indicated that the urban-rural boundary expanded outward, and that the PD value of the original urban-rural boundary decreased. From the urban center to the East, the PD values for the three years had a similar variation trend. There were two fragmentation peaks at 10 km and 12 km away from the urban center, at the junction of a lake and construction land, indicating the destructive effect of urban expansion on the water landscape cluster. Overall, the difference in the West was greater than that in the East, indicating that Wuhan expanded more quickly westward than it did eastwards.
It could be concluded from Figure 16 that the SHDI values of 1995, 2013, and 2016 had the same variation trend in the East, West, South, and North. The SHDI metrics represented a declining trend at the junction of urban and rural areas, 16-19 km west of the urban center. The small patches on the urban margin continuously merged into large clusters. The boundary of Sand Lake was 1 km to the east of the urban center, where the SHDI value was reduced by 61%. This was because the area of Sand Lake was continuously shrinking and transforming into urban construction land. Fengshan forest reserve was east of the urban center. Due to proper protection measures, the SHDI was almost unchanged. In the north-south direction, the SHDI in 2013 was reduced more significantly than it was in 1995 (a reduction of 31.3%). but was slightly lower than it was in 2016 (a reduction of 8.6%). Agriculture, water, and forest landscape clusters transformed into construction land due to the industrial and commercial development in Qingshan District and Hongshan District. Therefore, the uniformity of the landscape was reduced.
It could be concluded from Figure 16 that the SHDI values of 1995, 2013, and 2016 had the same variation trend in the East, West, South, and North. The SHDI metrics represented a declining trend at the junction of urban and rural areas, 16-19 km west of the urban center. The small patches on the urban margin continuously merged into large clusters. The boundary of Sand Lake was 1 km to the east of the urban center, where the SHDI value was reduced by 61%. This was because the area of Sand Lake was continuously shrinking and transforming into urban construction land. Fengshan forest reserve was east of the urban center. Due to proper protection measures, the SHDI was almost unchanged. In the north-south direction, the SHDI in 2013 was reduced more significantly than it was in 1995 (a reduction of 31.3%). but was slightly lower than it was in 2016 (a reduction of 8.6%). Agriculture, water, and forest landscape clusters transformed into construction land due to the industrial and commercial development in Qingshan District and Hongshan District. Therefore, the uniformity of the landscape was reduced. 
Discussion and Conclusions
This paper proposes a landscape classification method based on texture, and a multi-angle landscape analysis method based on landscape metrics, urban land use density, etc. The challenges faced during urbanization, such as an increased degree of urban fragmentation and a decrease of connectivity, were effectively analyzed. Moreover, our study results can provide a scientific and effective technique, as well as data support for the construction of ecological cities and the 
This paper proposes a landscape classification method based on texture, and a multi-angle landscape analysis method based on landscape metrics, urban land use density, etc. The challenges faced during urbanization, such as an increased degree of urban fragmentation and a decrease of connectivity, were effectively analyzed. Moreover, our study results can provide a scientific and effective technique, as well as data support for the construction of ecological cities and the optimization of urban spatial layouts [38] . In this paper, a texture-based BP neural network classification model has been constructed by extracting texture features, which improved the accuracy of image classification. This paper also introduced similar function classification methods from landscape ecology, and the landscape of Wuhan was classified into multiple clusters, including forest landscape, water landscape, urban landscape, and agricultural landscape clusters. Finally, we analyzed three aspects of the landscape pattern: the temporal and spatial features of landscape metrics, the urban land density distribution pattern, and the spatial and temporal evolution of the development direction gradient.
Moreover, two main conclusions can be extracted from this paper. Firstly, the heterogeneity of different landscape types in the entire area in Wuhan increased. However, the landscape types were unevenly distributed, and the heterogeneity of landscape patterns decreased as a result of the rapid development of the central urban area. The degree of fragmentation of the urban and rural boundary was higher than that of the central urban area. The landscape metrics of the western part was more intense than that of the eastern part. The development in the West was better than that in the East. Secondly, the compactness of Wuhan was quantitatively calculated by fitting the inverse S-curve based on the urban land use density. During the study period, the k value was reduced from 0.53 to 0.31, indicating that the development tended to compact inward. At the same time, the expansion status of the urban areas of Wuhan was quantitatively analyzed by calculating the urban radius D. Wuhan expanded outwards.
Since many landscape metrics coincide in measuring landscape features, we have only selected two metrics that can reflect the changes in landscape characteristics. In future studies, more landscape metrics, such as the effective mesh size, Euclidean nearest neighbor, or interspersion index, should be used to identify changes in urban spatial structures more accurately. According to the results of analyses of the urban landscape pattern of Wuhan, the study methods and procedures in this paper had good applicability. In future planning and development of Wuhan, the protection of cultivated land and forest land should be strengthened to prevent the continuous reduction of the forest and farmland landscape. At the same time, durin the process of urban expansion, we should pay attention to the matching and connection of various landscapes. The contradictions between man and land that emerge during the rapid expansion of urban areas should be reduced, in order to ensure the rationality and ordering of the landscape structure. In this way, Wuhan can effectively exert the radiation effect of the central urban area, and promote the balanced development and harmonious progress of the Wuhan Urban Circle. 
